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(54) Organic electroluminescent display panel having a cover with radiationcured perimeter seal 



(57) An organic electroluniinescent (EL) display 
panel is disclosed which has a protective cover sealed 
thereon with a radiation-cured perimeter seal. The 
organic EL cfisplay panel is formed on a radiatbn-trans- 
missive suk^strate, and includes at least one metallized 
leader which is in electrical contact with at least one 
anode electrode or with at least one cathode electrode. 
The metallized leader has a patterned seal zone which 
defines racfiatk>n<transmissive apertures. A perimeter 
seal band is formed over the substrate and extends 
through the patterned seal zone of the metallized 



leader. A protective cover has a perimeter seal flange 
which mates with the perimeter seal band. A bead of a 
radiation-curable resin is In contact, with the seal flange 
and with the display panel at the perimeter seal band, A 
source of curing radiation is directed to the bead of radi- 
ation-curable resin through the substrate and through 
the patterned seal zone for curing the bead so as to seal 
the protective cover on the organic EL display panel 
with an electrically insulative radiatiorH:ured perimeter 
seal. 
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Description 

[0001] The present invention relates generally to 
organic electrolurrdnescent display panels, arxJ wore 
particularly to such panels having a radiation-cured s 
perimeter seal for sealing a cover over such portions of 
a cfisplay panel which may be street to degradation 
when a display panel is used under ambient environ- 
mental conditions. 

[0002] An organic electroluminescent display panel io 
(hereinafter referred to as aganic EL dsplay panel) 
may be constructed to contain an image display array 
comprised of a plurality of light-emitting pixels an^anged 
in intersecting rows and columns on a light-transmissive 
sut)strate. It will be urxJerstood that the term 'display is 
panel" Includes a construction which contains only a 
single light-emitting pixel or a single light-emitting region 
shaped as a symbol or icon. 

[0003] In one form, an organic EL display panel is con- 
structed as follows: on a light-transmissive substrate are 20 
provided a series of parallel laterally spaced light-trans- 
missive anode electrodes. An organic EL-medium is 
then formed on the ligfit-transnrvssive sut)5trate and 
over the light-transmissive anode electrodes. The EL- 
medium typically comprises several overlying thin layers 25 
of organic materials which, in combination, are capable 
of emitting light. A plurality of parallel laterally spaced 
cathode electrodes is disposed over the EL-medium in 
an oriented direction with respect to the anode elec- 
trodes. In order to provide a permanent and reliable 30 
electrical contact to each of the anode arxi cathode 
electrodes on one hand, and to provide a refiable elec- 
trical connection between each of the electrodes and an 
electrical drive signal generator on the other harxi. a 
metallized leader is formed so as to be in electrical con- 35 
tact with one termination of each of the electrodes. 
Each metallized leader, in tum. connects a corresporxJ- 
ing anode electrode or a corresporxJing catfxxie elec- 
trode via an electrical connector (for example, a wire 
connector) to an electrical drive signal addressing sys- 40 
tem. 

[0004] In another form, an organic EL display panel is 
constructed on a ligfit-transmissive sutsstrate as follcws: 
at least one thin-film transistor (TFT) is formed on the 
substrate by semiconductor processing techniques 45 
known to those skilled in the art. An organic EL light- 
emitting pixel is formed to be associated with the TFTt>y 
piroviding a light-transmissive anode electrode which is 
electrically connected to a drain contact of the TFT to 
provide a positive electrical signal to the anode elec- so 
trode when both, a source input signal and a gate input 
signal provided to the TFT from external signal genera- 
tors, cause the TFT to be in an "on-state." An organfo 
EL-medium is disposed over the anode electrode, and a 
cathode electrode is provided over the EL-medium. The ss 
cathode electrode requires a metallized leader which is 
environmentally stable and serves to provide a reliable 
electrical connection between the cathode electrode 
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and an electrical connector which connects the elec- 
trode to a ground bus or to a suitably chosen bias voft- 
age source. In contrast to the cathode electrode, the 
source, drain, arxi gate electrodes of the TFT. as well as 
their respective source leads, drain leads, arxi gate 
leads and associated txxxi pads, generally do rx^t 
require additional metallized leaders because these ele- 
ments are fat>ncated from environmentally stable and 
atxasion-resistant materials, for example, from polysili- 
con, aluminunrt-stlicon alloys, and tungsten silidde 
materials. 

[0005] When an electrical drive signal is applied 
between any one of the anode electrodes arxi any one 
of the catfxxie electrodes (or when the TFT is in an on- 
state) such that a drive signal is more positive at the 
anode electrode than the cathode electrode, electrons 
injected into the EL-medium from the cathode electrode 
and holes injected into the EL-medium from the anode 
electrode, recombine in the EL-medium and cause light 
emission therefrom. In the aforementioned two con- 
structions of the organic EL cfisplay panel, the light is 
emitted through the light-transmissive anode electrode 
and through the light-transmissive substrate for viewing 
by an ot)server. 

[0006] The metallized leaders are formed of a metal or 
of a metal alloy layer of suff k^ient thickness and width to 
provkle a desired electrical conductivity and to have 

mechanical integrity arxi abrasion resistance desirat>le 
for the attachment of the electrical connectors to the 
metallized leaders. Thus, the metallized leaders are 
optically opaque. 

[0007] The anode electrodes are preferat)ly formed 
from a light-transmissive irxiium-tin oxide (ITO). and the 
cathode electrodes are preferat)ty formed by vapor dep- 
osition of a metal alloy material, for example, a magne- 
sium silver alloy material. The cathode electrodes are 
usually optically opaque. 

[0008] Both the EL-medium aixi the cathode elec- 
trodes are subject to degradation caused by nrx)isture 
arvl/or oxygen when a display panel is operated under 
amk)ient environmental conditions. Such degradation is 
accelerated at elevated temperature. 
[0009] Accordingly, the EL-medium and the cathode 
electrodes need to be protected. Solvent-coated protec- 
tive layers, such as soK/ent-coated organic resins, can 
not be used to seal the entire surface of the display 
panel because the organfo EL-medium is adversely or 
catastrophically affected by solvents. 
[001 0] A protective cover sealed to an organic EL dis- 
play panel can offer significant environmental protection 
of an active region of the panel if an effective seal can 
be provided between the cover and the display panel 
along a perimeter seat band whtoh exterxis on the sut>' 
strata outside the active area of the panel having the 
plurality of light-emitting pixels arxi intersecting a por- 
tion of the metollized leaders associated with the anode 
and cathode electrodes (or the source, drain, arxi gate 
lines, as the construction of the display panel may 
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require) so that terminal portions of the leaders remain 
accessble as bond pads for bonding electrical connec- 
tors thereto. Solvent*free heat curable resins, and hot- 
melt adhesfves have t>een commercially available and 
have t>een used to seal a protective cover on an organic 
ELdspl^ panel. 

[0011] To provide an effective seal, heat-cured resin 
seals can require curing conditions at sut>stantially ele- 
vated temperature (90-1 SCC) for an extended period of 
time (20-60 minutes). Hot-melt adhesives are typically 
**melted" at a temperature of about 150**C to form a 
bead of liquid adhesive on a surface of the cover. The 
display panel is oriented with respect to the cover and is 
pressed against the surface of the cover to form a 
perimeter seal between the organic EL panel and the 
cover. 

[001 2] Cover seals formed from the atxive-mentioned 
perimeter seal-forming materials have three principal 
disadvantages: (1) measurable degradation of the light 
intensity of the light emitted by the pixel of the organic 
EL display panel can occur due to partial degradation of 
the organic EL-medium caused by the elevated temper- 
ature and extended curing time requirements: (2) ele- 
vated temperature curing requirements can result in 
long-term degradation of the perimeter seal most likely 
attributable to stress forces evolving in the perimeter 
seal due to a mismatch of thermal expansion coeffi- 
cients between the seal forming material and the cover 
and/or the display panel; and (3) as a consequence of 
elevated temperature and extended curing time require- 
ments, the practical throughput of seated display panels 
in a manufacturing environment can be limited. 
[001 3] The aforementioned prot)lems associated with 
heat-cured resin seals and with hot-melt adhesive seals 
can, in principle, be overcome by using a class of com- 
mercial seal-forming materials variously krKiwn as radi- 
ation-curable resins or as ultraviolet (UV)-curable 
adhesives to seal a protective cover over an organic EL 
display panel by a perimeter seal. However, one sut>- 
stantial constraint in forming a perimeter seal of radia- 
tion-curable resin is that of potentially insufficient or 
incomplete cure of the seal in the regions inmnediately 
atxive the optically opaque metallized leaders due to 
optical shadowing caused t>y the lexers. 
[0014] Highly reactive radiation-curable resins, such 
as acrylic resins, can cure laterally" under relatively 
wide (1-2 mm) metallized leaders. Unfortunately, cured 
acrylic resin perimeter seals have poor moisture resist- 
ance, and do not maintain an effective moisture seal 
under required high humidity and elevated temperature 
stress testing of organic EL display panels. 
[001 5] Less reactive radiation-curable resins such as, 
for example, epoxy-t>ased resins, offer acceptable mois- 
ture resistance of a fully cured perimeter seal under 
stress testing conditions of an EL display panel. How- 
ever, these less reactive resins exhibit poor or incom- 
plete curing of a perimeter seal in shadowed re^ons 
created by metallized leaders of a width dimension as 
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used with the acrylic resins described atxive. 

[QOI 6] In order to retain the desirable moisture resist- 
ance feature of a perimeter seal formed of a radiation- 
cured epoxy-based resin, and to achieve complete cur- 

5 tng of the seal in the shadowed regions of the metallized 
leaders, it is tenpting to contemplate a reduction of the 
width or size of metallized leaders to a dimension at 
which even this less reactive resin can be cured later- 
ally" in the shadowed regions. However, such contem- 

10 plated width or size reduction must be t)alanced against 
the requirement that the metallized leaders must remain 
sufficiently electrically conductive to conduct electrical 
current of a magnitude which will ensure optimum per- 
formance of an organic EL display panel. 

IS [0017] It is an object of the present invention to pro- 
vide an organic EL display panel having a protective 
cover sealed thereto with a radiation-cured perimeter 
seal, which extends across metallized leaders and 
along radiation-transmissive regions of a sut)strate. 

20 [0018] Arx>ther object of the invention is to provide a 
perimeter seal for sealing a protective cover to an 
organic EL display panel which obviates the require- 
ment for sut)stantially elevated terrperature arxJ 
extended curing times. 

25 [001 9] A further object of the invention is to provide a 
radiation-cured perimeter seal for sealing a protective 
cover to an organic EL display panel formed on a sub- 
strate, the perimeter seal extending through a patterned 
seat zone of an opaque metallized leader configured to 

30 be sufficiently electrically conductive to permit operation 
of the display panel and to permit radiation directed to 
the seal zone through tiie sitetrate to cure a resin over- 
lying opaque portions of the seal zone. 
[0020] These objects are achieved in the construction 

35 of an organic elecb^oluminescent (EL) display panel 
including at least one ligfit-emitting region and havirtg a 
protective cover sealed thereon with a radiation-cured 
perimeter seal, comprising: 

40 (a) a radiation-transmissive electrically insulative 
sut)strate tiaving formed thereon, in order, at least 
one radiation-transmissive anode electrode, an 
organic EL-medium, arxi at least one cathode elec- 
trode, at least the anode electrode being electrically 

45 addressat)le to receive an electrical potential with 
respect to the cathode electi-ode so as to effect light 
emission from the light-emitting region; 

(b) at least one optically opaque metallized leader, 
the leader being in electrical contact with the at 

50 least one cathode electrode or with the at least one 
anode electrode, the metallized leader having a 
patterned seal zone which defines radiation-trans- 
missive apertures which permit radiation to pass 
therethrough from the sut)strate so as cure a resin 

55 overiying opaque portions of the seal zone; 

(c) a perimeter seal barvi provided over the sut>- 
strate and extending through the patterned seal 
zone of the metallized leader; 
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(d) a protective cover having a perimeter seal 
flange adapted to mate with the perimeter seal 
band over the substrate; and 

(e) a bead of an electrically insulative racfiation- 
cured resin in contact with the perimeter seal flange s 
of the cover and with the perimeter seal band over 
the substrate so as to seal the protective cover on 
the organic EL display panel with an electrically 
insulative radiation-cured perimeter seal. 

10 

[0021 ] One advantage of the present invention is that 
a radiation-cured perimeter seal obviates the require- 
ment for substantially elevated temperature and 
extended curing times associated with cover seals of 
the prior art is 
[0022] Another advantage of the invention is that a 
radiation-cured perimeter seal extends across metal- 
lized leaders which are configured on a sut)strate to pro- 
vide an electrical conductance sufficient for optimum 
performance of an organic EL display panel addressed 20 
via the leaders from a drive signal sourca 
[0023] A further advantage of the invention is that a 
radiation-cured perimeter seal affords an enhanced 
throughput of sealed display panels in a manufacturing 
environment. 25 

FIG. 1 A is a schematic plan view of an organic EL 
display panel disposed on a surface of a racfiation- 
transmissive support comprised of, in order, a plu- 
rality of radtation-transmissive anode electrodes, an 30 
organic EL-medium and a plurality of cathode elec- 
trodes oriented in a spatial relationsNp with respect 
to the anode electrodes. Each one of a plurality of 
metallized leaders has a patterned seal zone, arxi a 
perimeter seal t>and, shown in dashed outiine, 3$ 
extends along the sitetrate and tfirough the pat- 
terned seal zones traversing the metallized leaders 
in accordarK:e with the present invention; 
FIG. IB is a schematic cross sectional view of the 
organic EL display panel taken along a section line 40 
1 B-1 B in FIG. 1 A in which tfie metallized leader with 
its patterned seal zone is formed on the suk)Strate 
arxl provides an electrical connection to a radiation- 
transmissive anode electrode, in accordarx^e with 
one preferred embodiment of the present invention; 45 
FIG. 1C is a schematic cross sectional view similar 
to the view of FIG. IB, except that the metallized 
leader with its patterned seal zone is disposed over 
a termination of a radiation-tiransmissive anode 
electrode, in accordance witii a second preferred so 
embodiment of the present invention; 
FIG. 2A is a schematic plan view of a protective 
cover having a seal flange configured to t>e mat- 
ingly sealed on the perimeter seal t>and depicted in 
FIG. 1 A with a radiation-cured perimeter seal; ss 
FIG. 2B is a schematic cross sectional view of the 
protective cover taken atong the section line 2B-2B 
in FIG. 2A and indicating a height dimension of the 



protective cover; 

FIG. 3A shows, in an upper portion, the cross sec- 
tional view of the organic EL display panel of FIG. 
IB and, in a lower portion, tiie cross sectional view 
of the protective cover of FIG. 2B, witii a bead of a 
r^ation-curable resin provided on tiie seal flange 
of the cover in accordance witii one aspect of the 
present invention; 

FIG. SB shows the organic EL display panel and the 
protective cover of FIG. 3A in a sealing relatiortship 
through contact of tiie resin bead witii the display 
panel along tiie perimeter seal band of FIG. 1A. 
and depicting a fkxxl exposure of curing racfiation 
cfirected tfirough the sut>strate arxl through a pat- 
terned seal zone of a metallized leader to cure tiie 
racfiation-curable resin and thereby to provide a 
radiation-cured perimeter seal in accordance with 
one preferred radiation-curing embodiment of the 
present invention; 

FIG. 4 shows the sealing relationship of FIG. 3B 
between the organic EL display panel and the pro- 
tective cover in which a scanned curing radiation is 
cfirected through the substi'ate and through the pat- 
terned seal zone of a metallized leader in accord- 
ance with arxjther preferred radiation-curing 
embodiment of the present invention; 
FIG. 5A shews, in an upper portion, the cross sec- 
tional view of the protective cover of FIG. 2B and, in 
a tower portion of the cross sectional view of the 
organic EL dsplay panel of FIG. IB. with a bead of 
radiation-curable resin provided on the sut>strate 
(along the perimeter seal band depicted in FIG. 1 A) 
in accordance with another aspect of the present 
invention; 

FIG. 5B shews the protective cover of FIG. 5A and 
the organic EL display panel in a sealing relation- 
ship ak>ng the perimeter seal band of FIG. 1 A. and 
indicating a flood exposure of curing radiation 
cBrected through the sut)Strate and through a pat- 
terned seal zone of a metallized leader to cure the 
radiation-curat)le resin and thereby to provide a 
radiation-cured perimeter seal in accordance with a 
further preferred radiation-curing embodiment of 
the present invention; 

FIGS. 6A. 6B. 6C. 6D, and 6E show, respectively, 
enlarged schematic plan views of metallized lead- 
ers of two adjacent electrodes of an organic EL dis- 
play panel arxl incficating radiation-transmissive 
apertures defined within the patterned seal zones, 
in which 

FIG. 6A depicts a patterned seal zone which 
defines a plurality of parallel radiatiorv-transmissive 
apertures, each aperture separated from an acQa- 
cent aperture l>y a metallized conductor, the con- 
ductor having a width cfimension; 
FIG. 6B shows a patterned seal zone defining rec- 
tangular or square-shaped radiatiorvtransmissive 
apertures with each aperture separated from ac$a- 
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cent apertures by crossed metallized conductors 
having a width cfimension; and 

FIG. 6C shows a patterned seal zone which d^ines 
rectangular or square-shaped apertures formed 
t>etween metallized conductors having a width 
dimension and crossing each other in a diagonal 
pattern; 

FIG. 6D shows a patterned seal zone defining two 
radiation-transmissive apertures which extend 
along both sides of a single metallized conductor 
having a width (fimension; 
FIG. 6E shows a patterned seal zone having two 
radiation-transmissive apertures which extend 
along both sides of a single metallized conductor of 
a width dimension, and providing electrode zones 
shaped differently from opposing end pad zones; 
and 

FIG. 7 depicts schematically a thin-fflm transistor 
(TFT) logic and drive circuit (shown as an electrical 
circuit diagram for ease of visualization) formed on 
a radiation-transmissive sut>strate aixt which is 
electrically connected to an organic EL light-emit- 
ting pixel formed on the sanr^e sut)strate, the sut>- 
strate having a perimeter seal band which exterxJs 
through a patterned seal zone of a m^allized 
leader associated with a cathode electrode of the 
organic EL light-emitting pixel. 

[0024] Since organic EL display panel features such 
as layer thickness dimensions are frequently in sut>- 
micrometer ranges, while features representing lateral 
dimensions of an organic EL display panel can have sig- 
nificantly larger dimensions, the drawings are scaled for 
ease of visualization rather than dimensional accuracy. 
Also, for clarity of presentation, multiple layers fonming 
the organic EL-medium have k>een omitted from the 
cross section views. 

[0025] In the following description, like designatk)ns 
refer to like parts or functions. The materials of the 
organic EL display panel of the present invention can 
take any of the forms of conventional organic El devices 
such as those in US-A-4.356,429; US-A-4,539.507; US- 
A-4.720.432; US-A^.885.211; US-A-4.769.292; US-A- 
4.950,950; US-A-5.059,861 ; US-A-5.047,687; US-A- 
5.059.862; and US-A-5.061 ,61 7, the disclosures of 
which are hereby incorporated by reference. 
[0026] Refemng now to FIG. 1A, there Is shown a 
schennatic plan view of an organic EL display panel des- 
ignated at 10 disposed on a radiation-transmissive and 
electrk:ally insulative sut)strate 12. Formed on one sur- 
face of the suk)strate 1 2 are a plurality of radiation-trans- 
missive laterally spaced anode electrodes 14, an 
organic EL-medium 16 formed over the anode elec- 
trodes apd on the sut)strate between these electrodes, 
and a plurality of cathode electrodes 18 disposed over 
the EL-medium 1 6 in an orientation perpendicular to the 
orientation of the anode electrodes 14. Although a per- 
pendicular orientation of electrodes is frequently 
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selected, it will be appreciated that spatial relationships 
can be readily envisioned in which cathode electrodes 
are oriented with respect to anode electrodes at an 
angle smaller or greater ttian gO'^C. Intersection areas 

5 between intersecting anode and cathode electrodes of 
the organic EL display panel 10 comprise an array of 
light-emitting pixels P (only two such pixels are sche- 
matically depk:ted in RG. 1 A). The dear outline of the 
arxxje electrodes 14 is intended to indicate the radia- 

10 tion-transmissive nature of these electrodes. The diago- 
nal shading of the cathode electrodes 18 is intended to 
indicate optical opacity of these electrodes since they 
are preferak)ly formed from an electron injecting metal 
alloy composition such as. lor example, a magnesium- 

75 silver composition. 

[0027] A plurality of laterally spaced metallized lead- 
ers 20 are formed such that each one of the leaders 20 
is in electrical contact with a corresponding anode elec- 
trode 14. and a plurality of metallized leaders 30 \s pro- 
20 vided such tfiat each one of the leaders 30 is in 
electrical contact with a corresponding cathode elec- 
trode 18. The metallized leaders 20 and 30 are fomrted 
of a metal or of a metal alloy material which provides a 
desirable electrical conductivity arxJ desiratiJe mechani- 
cs cal properties such as. for example, acceptable abra- 
sion resistance and an ability to provide a reliak}le 
electrical contact of electrical connectors 40 and 60 
(shown in dotted outline) to be attached to designated 
txxxl pad zone portions 26, 36 of the metallized leaders 
30 20, 30. 

[0028] Metallized leaders 20 corresponding to the 
anode electrodes 14 each have an electrode zone 22 
whk;h is in electrical contact with a corresponding 
anode electrode, a patterned seal zone 24 which 
35 delines radiation-transmissive apertures therein (for 
greater detail, see FIGS. 6A-6E). and a bond pad zone 
26 for subsequent attachment of an electrical connector 
40 thereto. 

[0029] Sinrulariy. metallized leaders 30 associated with 
40 corresponding cathode electrodes 18 each tiave an 
electrode zone 32, a patterned seal zone 34, aixi a 
bond pad zone 36 for subsequent attachment of an 
electrical connector 60 thereto. The metallized leaders 
20 and 30 can have identical structures and identical 
45 dimensbns. Alternatively, the dimensions of the metal- 
lized leaders 20 can differ from dimensions of nr^etallized 
leaders 30 if, for example, cathode electrodes 18 have 
different width dimensions than the anode electrodes 
14. 

50 [0030] To achieve the aforementioned desirat>le elec- 
trical conductivity and nrtechanical properties of the met- 
allized leaders 20, 30, the leaders are formed from a 
metal or a metal alk>y at a thickness which renders all 
metallized portk)ns optically opaque. Thus, even metal- 

55 lized conductors formed in the patterned seal zones 24 
and 34 defining radiation-transmissive apertures there- 
k)etween, are optically opaque. 
[(N)31] A perimeter seal barxJ 44 is shown in dashed 
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outline as d^ined over the substrate 12 and extending 
through the patterned seal zones 24 and 34 of the met- 
allized leaders 20. 30. Ihe perimeter seal tsand 44 may 
. be delineated on the radiation-transmissive sut)Strate 
12, for example, t>y visuaDy detectable markings (not 
shown) delineating the comers of the perimeter seal 
band 44. In any event, as will be described in vnofe 
detail hereinafter, the perimeter seal band 44 outlines 
the location of a radiation-cured perimeter seal to be 
formed thereon which seals a protective cover to the 
display panel. 

[0032] Turning now to FIG. 1 B. there is shown a sche- 
matic aoss sectional view taken along the section line 
IB-IB of FIG. 1A. A height cfimension h of the display 
panel above an upper surface of the substrate 12 is indi- 
cated, although the height dimension may be as small 
as 1-3 micrometer. 

[0033] In the configuration of FIG. IB. a metallized 
leader 20 is disposed on the upper surface of the elec- 
trically insulative radiation-transmissive substrate 12. 
The electrode zone 22 of the leader 20 is in electrical 
contact wHh a radiation-transmissive anode electrode 
1 4 which overlies the electrode zone. 
[0034] Turning now to FIG. 1 C, there is shown a cross 
sectional view similar to the view depicted in FIG. 1 B. 
but distinguished therefrom by the metallized leader 20 
having been formed over a termination of the radiation- 
transmissive anode electrode 14, and thereby being in 
electrical corrtact with this electrode throughout the 
electrode zone 22, the patterned seal zone 24, and the 
borxi pad zone 26. 

[0035] Turning now to FIGS. 2A and 2B, there is 
shown a plan view and a cross sectional view, respec- 
tively, of a protective cover 70 having a perimeter seal 
flange 74 which is designed or configured to mate with 
the perimeter seal band 44 of the display panel 1 0 (see 
FIG. 1 A). The protective cover 70 has an internal height 
dimension H such that H is much larger than h, the 
heigfit dimenskxi of the display panel. The protective 
cover is preferably constructed from metals, for exanv 
ple. aluminum, steel. arxJ metal allc^, for example, 
txass. stainless steel, and Ni/Fe alloys which can t>e 
shaped by techniques such as stamping. Such metallic 
covers are optically opaque. Other preferred protective 
cover materials indude ceramic materials, glass or 
quartz, and radiation-transmissive or optically opaque 
plastic materials which can be shaped by well known 
thermal extrusion or thermal forming methods. 
[0036] Refenring now to FIG. 3A. there is shown in an 
upper portion thereof, an organic EL display panel 10 
like the panel shown in FIG. IB (the display panel 10 
can equally be selected to be the cfisplay panel of FIG. 
1C). and in a lower portion, the protective cover 70 of 
FIG. 28. The organk: EL display panel 10 and the cover 
70 are shown in an inverted rendition since it has been 
shown to t>e advantageous in the practice of the present 
inventk>n to sif)port and retain the cover 70 in a hokier 
or jig (not shown) such that portbns of the protective 



cover 70 are recessed in such a hokier or jig. with only 
the perimeter seal flange 74 projecting upwardly from a 
surface of tiie hokier or jig. 

[0037] A bead 80 of a radiation-curable resin is fonmed 
5 along the perimeter seal flange 74 of the protective 
cover 70. ttie bead having a thickness dimension b 
whk^h can be in a range of 10-100 mx:rometer, and is 
preferat)ly in a range of 15-50 micrometer. The t>ead 80 
of radiation-curable resin can be formed on the perime- 
10 ter seal flange 74, for example, by dispertsing or extrud- 
ing the t>ead 80 from a nozzle whk^h forms part of a 
programmak)le. laterally translatat)le cfispensing system 
(not shown). An automated dispensing system has 
been used in work related to the present invention. This 
15 automated dispensing system has a pneumatic dis- 
pensing valve, and is commercially available as a model 
A402 from Asymtek Corporation of Carlsbad. CA 
92008. 

[0038] Attematively. the bead 80 may be formed by 
20 well known methods of screen printing or stencil print- 
ing. 

[0039] The radiatiorvcuralsle resin forming the bead 
80 is preferably electrically insulative as dispensed. 
However, the bead 80 must t>ecome electrically Insula- 

^5 tive after transformation into a radiation-cured perimeter 
seal 84, shown In FIG. 38. The bead 80 of radiation-cur- 
ak)le resin is preferably formed from a mixture, the mix- 
ture comprised of a radiation-curable resin and organic 
or Inorganic filler particles added to the mixture. 

30 Depending on physical properties of the filler particles 
(for example, partide size, partide shape), filler parti- 
des are added to the mixture at a weight fraction which 
- is in a preferred range of 1 -70 percent of a weight of the 
resin. Filler partides are used in the radiation-curable 

35 resin when it is desirable to adjust the viscosity of the 
resin arxi/or to provkie an improved matching of the 
thermal expansion coeff k;ient of the resin to the thermal 
expansk)n coeff ident of the suk)strate and of the protec- 
tive cover. 

40 [0040] Examples of suitat)le inorganic fOler materials 
are mineral materials, aluminum oxkie materials, and 
zinc oxide materials. 

K)041] Examples of suitat}le organk; filler materials 
include particles of polyethylene, polypropylene, and 

45 mixtures thereof. Such organic partides can be 
obtained in a variety of relatively narrow partide size 
distributions. Thus, a certain wel^ fraction of relatively 
large (-5-10 mk:rometer) organic partides m^ be 
added as "spacer partides" to the mixture to control the 

50 thickness of the be^ 80. 

[0042] Preferred radiation-curable resins are materials 
which have a propensity to form crosslinked molecular 
arrangements upon exposure to radiation. Examples of 
partknilarly preferred radiation-curable resin are acrylk; 

55 nx)nomers, acrylk: urettianes, epoxies, and acryfic/Ure- 
thane mixtures. These preferred radiation-curable res- 
ins can k>e cured by exposure to a curing radiation 
having wavelengths in a range of 180-440 run. This 
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range of wavelengths of curing racfiation extends from a 
deep ultraviolet region to a blue light region of the spec- 
trum of wavelengths. 

[0043] Turning now to FIG. 3B, a contact has been 
estat}lished between the bead 80 of radiation-curable 
resin and the surface of the organic EL display panel 1 0 
by which the perim^er seal flange 74 and the bead 80 
of radiation-curable resin now mate wrth the perimeter 
seal band 44 delineated over the substrate 12 (see FIG. 
1 A). Upon establishing the contact, a flood exposure of 
curing radiation 90 is cfirected from a source of curing 
radiation (not shown) through the racfiation-transmissive 
substrate 12 (and through the patterned seal zone 24) 
to the bead 80 of racfiation-curat)le resin so as to seal 
■the protective cover 70 on the organic EL display panel 
10 with an electricaliy insulative radiation-cured perime- 
ter seal 84. Suitak)le radiation sources capable of pro- 
viding a flood exposure of curing radiation include metal 
halide radiation sources such as. for example, mer- 
curyrxenon radiation sources adapted to provide radia- 
tion in a wavelength range of approximately 180-500 
nm. 

[0044] As incficated atx>ve. radiation-curat)le resins 
can be cured by radiation having wavelengths over a 
relatively broad range extending from about 180 nm to 
about 440 nm. If the radiation-transmissive substrate 1 2 
is a glass sut>strate, Ibr example, a txKosilicate glass 
plate, the optical absortsance of the glass substrate will 
restrict the radiation 90 directed to the bead 80 to an 
effective range of wavelengtfis. for example, an effective 
range of wavelengths extending from atx>ut 330 nm to 
about 440 nm. Alternatively, if the radiation-transmissive 
sut)strate 12 is a quartz plate, substantially all wave- 
lengths provided by a radiation source will be transmit- 
ted through the sut)strate to contritxJte in the formation 
of the radiation-cured perimeter seal 84 which seals the 
protective cover 70 to the panel 10. 
[0045] Turning now to FIG. 4. there is depicted a con- 
tact of the bead to the protective cover 70 and to the 
organic EL d^ay panel 10 sut>5tantially identical to the 
arrangement shown in FIG. 3B. The distinguishing 
aspect of FIG. 4 is that a scanned beam of curing radia- 
tion 95 is directed tfvough the suk)6lrate 12 to the t>ead 
80 of radiation-curat)le resin. The beam of curing radia- 
tion 95 is scanned or translated laterally along a patt) 97 
which coincides witii the perimeter seal t>and 44 deline- 
ated over the suk)strate (see FIG. 1A). Altematively, a 
fixed or stationary beam of curing racfiation 95 can be 
provided if the assembly comprised of tfie organic EL 
display panel 10 arxj the protective cover 70 is laterally 
translated so tfiat a beam of curing radiation is directed 
at the bead 80 of radiation-curable resin along the 
perimeter seal band 44. A suitable source of a beam of 
scanned curing radiation 95 is a laser, for example, an 
argon gas laser, or an excimer laser. 
[0046] As indicated atx>ve, the source of curing radia- 
tion is selected such that it has wavelengths in a range 
180-440 nm so as to crosslink the radiation-curable 



resin either via a free radical or via a cationic polymeri- 
zation reaction. Organic and/or inorganic filler particles 
added to tiie radiation-curable resin can promote lateral 
scattering of the curing radiation so ttiat a radiation- 
5 cured perimeter seal 84 is achieved within the patterned 
seal zones 24, 34 of the m^allized leaders 20, 30 (see 
FIG. 1A). 

[0047] Upon sealing the protective cover 70 to the 
organic EL display panel 10 with the radiation-cured 
10 perimeter seal 84. the electrical connectors 40. 60 are 
attached to corresponding bond pad zones 26. 36 of 
each one of the metallized leaders 20, 30, thereby com- 
pleting the fabrication of the display panel with its pro- 
tective cover. 

15 [P048] Turning now to FIGS. 5A and 5B, tiiere is 
shown what may be termed an "inverted" arrangement 
with respect to the description of FIGS. 3A and 3B: the 
protective cover 70 is held above the display panel by a 
suitable jig or holder (not shown); the bead 80 of radia- 

20 tion-curalDle resin is formed on the substrate 12 to 
extend along the perimeter seal band 44 (see FIG. 1 A): 
the perimeter seal flange 74 of the cover 70 is in contact 
with the bead 80. and a flood exposure of curing radia- 
tion 90 is directed to the resin bead through the sut>- 

25 strate and through the patterned seal zone 24 of a 
metallized leader so as to seal the protective cover 70 
on the organic EL display panel 10 witii an electrically 
insulative radiation-cured perimeter seal 84. 
[0049] Turning now to FIGS. 6A, SB. 6C. 6D, and 6E. 

30 there are shown emtxxliments of metallized leaders 20, 
30. Each of the metallized leaders has an electrode 
zone 22. 32, a patterned seal zone 24, 34, and a bond 
pad zone 26, 36. The metallized leaders 20. 30 are 
sfiown with a width dimension W. and having metallized 

35 conductors of a width dimension w within the patterned 
seal zone 24, 34. 

0)050] FIG. 6A shows a patterned seal zone defining 
a plurality of parallel radiatiorvtransmissive apertures 
25. 35. in which each aperture is separated from an 
40 adjacent aperture by a metallized conductor of a widtii 
dimension w. 

[0051] FIG. 6B shows a patterned seal zone defining 
a plurality of rectan^lar or square-shaped radiation- 
transmissive apertures 27, 37 in which each aperture is 
45 separated from adjacent apertures by crossed metal- 
lized conductors of a width dimension w. 
[0052] FIG. 6C shows a pattemed seal zone defining 
radiata'orv-tFansmissive apertures 29. 39 formed 
between diagonally oriented crossed metallized con- 
so ductors of a width dimension w. 

[0053] FIG. 6D shews a patterned seal zone defining 
two radiation-transmissfve apertures 28, 38 which 
extend on txsth sides of a single metallized conductor of 
a width dimension w between an electa'ode zone 22, 32 
55 and a bond pad zone 26. 36. 

[0054] FIG. 6E sfiows a patterned seal zone having 
two radiation-transmissive apertures 28, 38 extending 
along both sides of a single metallized conductor having 
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a width dimension w. Electrode zones 14, 18 are of dif- 
ferent shape compared to corresponding opposing 
bond pad zones 26, 36. 

[0055] Several considerations influence the selection 
of a particular pattern of radiation-transmissive aper- 
tures d^ined within a patterned seal zone 24. 34. A pri- 
mary consideration relates to electrical conductivity of a 
metallized leader 20, 30. If a metallized leader 20, 30 
has an initial electrical conductivity value prior to forma- 
tion of the patterned seal zone 24, 34, and it has a final 
electrical conductivity value upon formation of the radia- 
tion-transmissfve apertures within the patterned seal 
zone 24. 34. a preferred ratio between the final and the 
initial electrical corviuctivity values is greater than 0.3. 
In maintaining this preferred ratio between the final and 
the initial electrical conductivity values, the patterned 
seal zone 24. 34 can be formed such that the width 
dimension w of the metallized conductors defining the 
radiation-transmissive apertures therebetween is in a 
prefened range of 0.05-0.3 of the width dimension W of 
a metallized leader 20. 30. 

[0056] Depending upon overall dimensions of a met- 
allized leader, and within the aforementioned preferred 
electrical conductivity ratio value, the metallized con- 
ductors within the patterned seal zone have a preferred 
width dimension w in a range from 1-2000 micrometer. 
[0057] Other configurations of a patterned seal zone 
are contemplated, for example, a patterned seal zone 
which defines a plurality of drcular, elliptical, or triangu- 
lar apertures, and wherein the aforementioned ratio of 
conductivity values is achie\(ed. 
[0058] Turning now to FIG. 7, an organic EL display 
panel 100 is formed on a radiation-transmissive electri- 
cally insulative sut^strate 112. The display panel 100 is 
comprised of an organic EL light-emitting pixel R shown 
in plan view, and of a thirvfilm transistor (TFT) driver cir- 
cuit consisting of two thin-film transistors TFT1, TFT2, 
and a thin-film capacitor C. with these thin^ilm elements 
shown as a schematic electrical circuit for ease of visu- 
alization. 

[0059] The TFT driver circuit and its associated gate 
lead 151. gate bond pad 152, source lead 153, source 
bond pad 154. ground lead 155, ground bond pad 156, 
remaining leads (not further identified), a contact bar 
121 . the anode electi^ode 1 14 of the pixel P. as well as a 
metallized leader 130 with a patterned seal zone 134, 
are first fakiricated on the substrate 112by knownseno- 
iconductor manufacturing processes. TIujs. the leads 
arxJ bond pads are constructed of materials which are 
abrasion-resistant and environmentally stable under 
ambient operation of tfie display panel 100. arxf do not 
require additional metallized leaders. 
[0060] TFTI is a logic TFT which will t)e in an "on- 
state" when logic signals are provided from external sig- 
nal generators (not sf)own) via electrical connectors 1 70 
to the gate electrode G and to the source electrode S 
via the respective leads 151 . 153. Accordingly. TFTI will 
charge the tiiin-film capacitor C. thereby providing an 



"on-state" of the power TFT, TFT2. The drain D of TFT2 
is connected to the anode electrode 114 of the organic 
EL pixel P via the contact bar 121 . 

[0061] The pixel P is then constructed on the sut>- 
5 strata 1 12 t>y forming, in order, over tf^ light^nsmis- 
sive anode electrode 114, an EL-medium 116, and a 
cathode electrode 118 which is in electrical contact with 
an electrode zone 132 of the metallized leader 130. A 
bond pad zone 1 36 serves to connect an electrical con- 
10 nector 160. for example, a wire. 

[0062] The pixel P is actuated to emit light when the 
TFT2 provides to the anode electrode 114 a positive 
electrical potential of suffident magnitude with respect 
to the cathode electrode 118. The pixel P can be a dis- 
75 play region shaped as a syrnt>ol or an icon by appropri- 
ately shaping the electrodes 114. 118, and the EL- 
medium 116. 

[0063] A perimeter seal t>arKl 144 (shown in dashed 
outline) on the sutistrate 112 extends through the pat- 

20 temed seal zone 134 of the metallized leader 130. 
through the leads 151, 153, arxi 155, as well as along 
optically unobstructed regions of the sut>strate. The 
perimeter seal band 144, arxi a mating seal flange of a 
protective cover (not shown) are oriented with respect to 

25 each other in the presence of a bead of radiation-cura- 
ble resin, and a radiation-cured perimeter seal seals the 
protective cover over the organic EL display panel 100 
as descrit>ed previously. 

30 Example 1 

[0064] Tests were performed to determine tiie 
strength of a radiation-cured perimeter seal between an 
optically opaque protective cover and a borosilicate 

35 glass plate (Corning glass #7059 from Corning Com- 
pany, Inc. of Corning, N.Y) having metallized leaders of 
different width cfimensions with a patterned seal zone of 
the corrfiguration shown in FIG. 6B. and patterned solid 
metal lines of different width dimensions representative 

40 of the patterned seal zone of the configuration of FIG. 
6E. The metallized leaders and the patterned metal 
lines were selected to fiave one of three width dimen- 
sions W. namely 0.19 mm. 0.5 mm, aixl 1.6 mm. The 
width dimension w of metallized corxjuctors in the pat- 

45 temed seal zone of the configuration of FIG. 6B was 26 
micrometer. 

[P065] Three different radiation-curat)le resins were 
used: 

50 (1) Dymax 957VT, a free radical crosslinking poly- 
urethane-acrylic mixture, available from Dymax 
Corporation of Torrington. CT; 

(2) Electrdite 2062A, a cationic epoxy resin con- 
taining 60 weight percent of mineral filler particles, 

55 availat)le from Qectro-Lite Corporation of Danbury, 
CT;and 

(3) Three-Bond 30Y-184G. a cationic epoxy resin 
containing 20-30 weight percent of AI2O3 filler par- 
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tides, available from Three-Bond USA, Inc. of 
Westchester. OH. 

[0066] Two radiation sources were used in these tests: 

5 

(1) Dymax Model EC5000, having a metal halide 
lamp, available from Dymax Corporation of Tor- 
rington. CT; and 

(2) Fusion UV Sy^ems Model 450T with a "D-type" 
metal halide lamp. availat)le from Fusion UV Sys- w 
tems. Inc. of Gaithersburg. MD. 

[0067] The Dymax racfiation source had a peak irradi* 
ance of 0.122 Walt/cm^, and the Fusion UV Systems 
source provided a peak irradiance of 1 .86 Watt/cm^. is 
[0068] The resins were dispensed as a bead onto a 
perimeter seal flange of each protective cover from an 
Asymtek A402 automated dispensing system, available 
from Asymtek Corporation of Cartst^ad. CA. 
[0069] After dispensing a resin t>ead. a glass plate 20 
with its metallized leaders was brought into contact with 
the resin bead in an arrangement as sfiown in FIG. 3B 
so that the patterned seal zone of each metallized 
leader was oriented with respect to the resin bead. Cur- 
ing radiation was drected at the resin bead as a flood 25 
exposure for a selected time to achieve a selected level 
of total exposure dose, given in Joule/cm^. 
[0070] Folkawing exposure to curing radiation, the pro- 
tective cover was removed from the glass plate by pry- 
ing with a sharpened tool against the perimeter seal 30 
flange of the cover using more or less force. The perim- 
eter seal was examined on the glass surface and on the 
seal flange to determine qualitatively the extent of cure 
of the perimeter seal and a predominant failure mode of 
the seal against the protective cover (adhesive or cohe- 3S 
sive failure). Uncured. still liquid resin, if present, was 
renwved by rinsing the glass plate with acetone, so tfiat 
the lateral extent of cured resin above the edges of the 
patterned opaque metal lines could be rrteasured as an 
"Edge Cure Distance" under a microscope having a 40 
micrometer measuring stage. 
[0071] The test results are shown in Table 1. together 
with a key of designations. 

[0072] In all cases resulting in a radiation-cured (solid- 
ified) perimeter seal, the cured seal appears equally 45 
effective within the patterned seal zone of the metallized 
leaders and within the dear areas of the glass plates, as 
judged by tfie adhesive or cohesive failures of the seal 
to the seal flange of the cover. For the solid metal lines, 
the resin choice, exposure dose, and the choice of radi- so 
ation source, appear to govern the edge cure distance 
arxJ. therefore, the maximum permissible width of solid 
metal lines. For example, the Dymax 957VT resin, 
exposed at 15 J/cm? to radiation from the Dymax 
source, provides an edge cure cfistance greater than 55 
800 ^m. and ttius cures a resin bead overiying a solid 
metal line having a width of 1 .6 mm. For the other resins 
and their racfialion-curing conditions, the resin t>ead 



couki t>e cured effectively over solid metal lines having 
a wkfthof 0.19 mm. 

[0073] Other features of the invention are included 
below. 

[D074] The organic EL display panel wherein each of 
the metallized leaders further includes an electrode 
zone and a t>ond pad zone. 

[0075] The organic EL display panel wherein the elec- 
trode zone provides the electrical contact t>etween the 
metallized leader and a corresponding anode electrode 
or a corresponding catfiode electrode, and the bond 
pad zone provkfes an electrical contact t}etween the 
metallized leader and a source of an electrk:al potential 
via an electrical connector connected to the bond pad 
zone. 

[0076] The organic EL display panel wherein each 
one of the plurality of metallized leaders has an initial 
electrical conductivity value prior to formation of the pat- 
terned seal zone, arxj has a final electrical conductivity 
value upon formation of the patterned seal zone which 
defines the radiation-transrrussive apertures, such that 
a ratio t>etween the final and the initial electrical conduc- 
tivity values is greater than 0.3. 
[0077] The organic EL display panel wherein the pat- 
terned seal zone defines at least two radiation-transmis- 
sive apertures separated k>y a metallized conductor 
having a wkith dimension which is in a range of 0.05-0.3 
of a wkith dimension of a metallized leader. 
[0078] The organic EL display panel wherein the pat- 
terned seat zone defines a plurality of parallel radlation- 
transmissive apertures, each aperture separated from 
an adjacent aperture by a metallized conductor having a 
wkith dimension which is in a range of 0.05-0.3 of a 
wkfth dimension of a metallized leader. 
[0079] The organic EL display panel wherein the pat- 
terned seal zone defines a plurality of rectangular or 
square-shaped radiation-transmissive apertures, each 
aperture separated from acjacent apertures by crossed 
metallized corxiuctors having a wkith dimension which 
is in a range of 0.05-0.3 of a wkith dimension of a met- 
allized leader. 

[P080] The orgartic EL display panel wherein the pro- 
tective cover is constructed from a material selected 
from the groip consisting of metals, metal alloys, 
ceramics, glass, quartz, and plastics. 
[0081 ] The organs EL display panel wherein the bead 
of radiation-cured resin is selected from the groip of 
resins consisting of acrylk; monomers, acrylic ure- 
thanes. epoxies. and acrylic/urethane mixtures. 
[0082] The organrc EL display panel where! n the bead 
of radiation-cured resin further contains organrc or inor- 
ganic filler particles or mixtures thereof at a weight frac- 
tion whk^ is in a range of 1 -70 percent of a weight of the 
resin. 

[0083] A method of sealing a protective cover on an 
organic electrolurrvnescent (EL) display panel having an 
array of light-emitting pixels with a radiationnnired 
perimeter seal, comprising the steps of: 
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(a) prcvicfing a radiation-transmissive electrically 
insulative substrate, and sequentially forming ther- 
eon a plurality of radiatiorvtransmissive laterally 
spaced anode electrodes, an organic EL-medium, 
and a plurality of laterally spaced cathode elec- 5 
trodes and in an oriented spatial relationship with 
respect to the anode electrodes; 

(b) forming a plurality of optically opaque laterally 
spaced metallized leaders and establishing an 
electrical contact t>etween each one of the leaders 10 
and a corresponding anode electrode or a corre- 
sponding cathode electrode; 

(c) forming in each one of the metallized leaders a 
patterned seal zone which defines radiation-trans- 
missive apertures which permit radiation to pass is 
therethrough from the sitetrate so as to cure a 
resin overlying opaque portions of the seal zone; 

(d) forming a perimeter seal t>and over the sub- 
strate and extending through the patterned seal 
zone of each one of the plurality of metallized lead- 20 
ers; 

(e) providing a protective cover having a perimeter 
seal flange adapted to mate with the perimeter seal 
band formed over the sut>strate; 

(f) forming a bead of an electrically insulative radia- 25 
tion-curat>le resin along the perimeter seal flange of 
the cover or along the perimeter seal band over the 
sut)strate; 

(g) estat)lishlng a contact between the bead of radi- 
ation-curat>le resin and the perimeter seal t>and or 30 
between the bead arxJ the perimeter seal flange; 
and 

(h) directing a source of curing radiation to the bead 
of radiation-curable resin through the sut)strate and 
through the radiation-transmissive apertures for 35 
curing the bead so as to seal the protective cover 

on the organic EL display panel with an electrically 
insulative radiatiorv-cured perimeter seal. 

[0084] Ihe method of sealing a protective cover on an 40 
organic EL display panel in accordance with daim 20 
wherein the bead-forming step includes the step of 
selecting the radiation-curable resin from the group con- 
sisting of acrylic nwnomers, acrylic urethanes, epoxies, 
and acrylic/Urethane mixtures. 4S 
[0085] The method of sealing a protective cover on an 
organic EL display panel wherein the step of selecting 
the radiation-curable resin includes the step of adding to 
the resin organic or inorganic filler particles or mixtures 
thereof at a weight fractfon which is in a range of 1-70 so 
percent of a weight of the resin. 
[0086] The method of sealing a protective cover on an 
organic EL display panel wherein the curing radiation 
directing step includes the step of providing a flood 
exposure curing radiation having wavelengths in a ^ 
range of 180-440 nm. 

[0087] The metfiod of sealing a protective cover on an 
organic EL display panel wherein the curing radiation 



directing a step includes the step of providing a scanned 
curing radiation having wavelengths in a range of 180- 
440 nm. 

[0088] An organic electroluminescent (EL) display 
panel including at least one light-emitting region and 
having a protective cover sealed thereon with a radia- 
tion-cured perimeter seal, comprising: 

(a) a radiation-transmissive electrically insulative 
sut)strate having formed thereon, in order, at least 
one radiation-transmissive anode electrode, an 
organic EL-medium. and at least one cathode elec- 
trode, at least the anode electrode being electrically 
addressable to receive an electrical potential with 
respect to the cathode electrode so as to effect ligfit 
emission from the lig^-emitting region; 

(b) at least one optically opaque metallized leader, 
the leader being in electrical contact with the at 
least one cathode electrode or with the at least one 
anode electrode, the metallized leader sized so as 
to be sufficiently electrically conductive to permit 
operation of the EL cfisplay panel and to permit radi- 
ation directed to the leader through the sut>strate to 
cure a resin overlying the leader; 

(c) a perimeter seal barxj provided over the sut>- 
strate and extending through the metallized leader; 

(d) a protective cover having a perimeter seal 
flange adapted to mate with the perimeter seal 
t)and over the sut>strale; and 

(e) a bead of an electrically insulative radiation- 
cured resin in contact with the perimeter seal flange 
of the cover and with the perimeter seal band over 
the substrate so as to seal the protective cover on 
the organic EL display panel with an electrically 
insulative radiation-cured perimeter seal. 

PARTS UST 

[0089] 

1 0 organic EL display panel 

1 2 radiation-transmissive sidistrate 

14 radiation-lFansmissive arxxJe electrodes 

16 organic EL-medium 

18 cathode electrodes 

20 metallized leader for arxxie electrodes 

22 electrode zone 

24 patterned seal zone 

25 radiation-transmissive apertures 

26 bond pad zone 

27 radiation-transmissive apertures 

28 radiation-transmissive apertures 

29 radiation-transmissive apertures 

30 metallized leader for cathode electrodes 
32 electrode zone 

34 patterned seal zone 

35 radiation-transmissive apertures 

36 bond pad zone 
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37 


radiation-transmissive apertures 
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radiatiorv-transnnissive apertures 
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radiatiorv-transmissive apertures 
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electrical connectors (anode electrodes) 
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perimeter seal k>arxl 


5 


60 


electrical connectors (cathode electrodes) 




70 


protective cover 
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bead of radiation-curak)le resin 
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flood exposure of curing radiation 
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116 


organic EL-medium 




118 
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Claims 

1. An organic electroluminescent (EL) display panel 
including at least one light-emitting region and hav- 50 
ing a protective cover sealed thereon with a radia- 
tiorrajred perimeter seal, comprising: 

(a) a racfiation-transmissive electrically insula- 
tive sut>strate having formed thereon, in order. 55 
at least one radiation-transmissive anode elec- 
trode, an organic EL-medium. and at least one 
cathode electrode, at least the anode electrode 



being electrically addressat)le to receive an 
electrical potential with respect to the cathode 
electrode so as to effect light emission from the 
ligfrt-emitting region; 

(b) at least one optically opaque metalfized 
leader, the leader being in electrical contact 
with the at least one cathode electrode or with 
the at least one anode electrode, the metalfized 
leader having a pattemed seal zone which 
defines radiation-transmissive apertures which 
permit radiation to pass therethrough from the 
sut)strate so as cure a resin overlying opaque 
portions of the seal zone; 

(c) a perimeter seal band provided over the 
suk>strate and exterxiing through the patterned 
seal zone of the metallized leader; 

(d) a protective cover fiaving a perimeter seal 
flange adapted to mate with the perimeter seal 
t)and over the substrate; arKi 

(e) a t>ead of an electrically insulative radiation- 
cured resin in contact with the perimeter seal 
flange of the cover and with the perimeter seal 
band over the sukjstrate so as to seal the pro- 
tective cover on the organic EL display panel 
with an electrically insulative radiation-cured 
perimeter seal. 

2. The organic EL display panel of daim 1 wherein the 
at least one light-emitting region has a shape corre- 
sponding to a symbol or to an icon. 

3. The organic EL display panel of daim 1 wherein the 
positive electrical potential received by the anode 
electrode is provided by at least one thin-film tran- 
sistor (TFT) formed on the substrate. 

4. The organic EL display panel of daim 1 wherein the 
at least one metallized leader further indudes an 
electrode zone and a borxl p^ zone. 

5. The organic EL display panel of daim 1 wherein the 
protective cover is constructed from a material 
selected from the group cortsisting of metals, metal 
alloys, ceramics, glass, quartz, and plastics. 

6. The organic EL display panel of daim 1 wherein the 
bead of radiation-cured resin is selected from the 
group of resins consisting of acrylic nnonomers, 
acrylic urettianes. epoxies, and acrytic/Uretfiane 
mixtures. 

7. An organic electroluminescent (EL) display panel 
induding an array of light-emitting pixels and having 
a cover sealed thereon a radiation-cured 
perimeter seal, comprising: 

(a) a radiation-trartsmissive electrically insula- 
tive substrate having formed thereon, in order. 
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a plurality of rat£atiorhtransmissive laterally 
spaced anode electrodes, an organic EL> 
medium, a pluralfty of laterally spaced cathode 
electrodes arvJ having an oriented spatial rela- 
tionship with respect to the anode electrodes; 5 

(b) a pluralfty of optically opaque laterally 
spaced metallized leaders, each one of the 
leaders being in electrical contact with a corre- 
sponding anode electrode or a corresponding 
cathode electrode, each one of the metallized 10 
leaders having a patterned seal zone which 
defines radiation-transmissive apertures which 
permit radiation to pass therethrough from the 
sut3strate so as to cure a resin overlying 
opaque portions of the seal zone; is 

(c) a perimeter seal band provided over the 
sut)6trate and extending through the patterned 
seal zone of each one of the plurality of metal- 
lized leaders; 

(d) a protective cover having a perimeter seal 20 
flange adapted to mate with the perimeter seal 
band over the substrate; arxi 

(e) a t>ead of an electrically insulative radiation- 
cured resin in contact with the perim^er seal 
flange of the cover and with the perimeter seal 2S 
band over the substrate so as to seal the pro- 
tective cover on the organic EL display panel 
with an electrically insulative radiation-cured 
perimeter seal. 

30 

8. The organic EL display panel of daim 7 wherein 
each metallized leader being in electrical contact 
with a corresponding anode electrode is cfisposed 
over the anode electrode at one termination 
thereof. 3S 

9. The organic EL display panel of daim 7 wherein 
each metallized leader being in electrical contact 
with a oorresporxiing anode electrode is cfisposed 

on the sut)strate so that the anode electrode 40 
extends over at least a portion of the leader. 

10. The organic EL display panel of daim 7 wherein 
each metallized leader being in electrical contact 
with a corresporxfing cathode electrode provides 45 
the electrical contact in a configuration in which the 
cathode electrode extends over at least a portion of 
the leader. 



12 



EP0 971 564A2 



10 




FIG. IB 
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FIG. 2B 
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FIG. 5B 
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